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This engineering report presents a reservoir study per­
formed on a gas condensate reservoir located on the Texas* 
Gulf Coast.
Nineteen wells were drilled to penetrate the formation 
of interest (Frio sand). Three wells were dry holes, one. 
well (FSU2) blew out, six wells were shut-in and five wells 
are currently producing.
The purpose of this study was to build the structural
map of the Frio sand, estimate the original gas in-place and
project the future performance of the reservoir.
This field was classified as a wet gas condensate re­
servoir; hence, the produced condensate was converted to
its equivalent gas volume.
The geological study showed many faults cut the Frio 
sand and divided the field into three blocks. Each block 
was studied by itself, including the past performance and 
the future prediction.
Gas in-place was calculated volumetrically and by use 
of the material balance equation for each block. The ori­
ginal gas in-place for the reservoir was calculated to be
405.58 bscf. Fair agreement between the volumetric and the 
material balance results was obtained. Since December,
iv
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19 73, 339.6 bscf has been produced and 14.5 bscf are pre­
dicted to be produced in the future. If this is the case, 
an ultimate recovery efficiency of 87% will be obtained.
The driving mechanism is believed to be primarily gas 
expansion, with supplemental rock and water expansion.
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This study was performed on the North Point Bolivar 
Field, which is an offshore gas-condensate reservoir with 
partial water drive. Gas is being produced from the Frio 
sand of Oligocene age. The average depth of the approx­
imately 100 feet thick Frio sand is 12,500 feet. This field 
was discovered in 19 72, and since discovery, 19 wells have 
been drilled to or through the Frio sand. Three wells were 
dry holes, one well blew out, five wells were shut-in and 
five wells are currently producing.
North Point Bolivar Field is located on the Texas Gulf 
Coast, and like other fields in this region, it overlies a 
salt dome causing the formation of interest to be faulted by 
normal faults. In expressing the reservoir as a unit, it 
is a complexity faulted, low dip anticline structure. Be­
cause of the faults, the reservoir was treated as three 
blocks. Each block can be defined by the wells it contains, 
as follows:
Block 1: FSU7, FSU7-A, FSU11, FSU12, FSU13,
FSU15, FSU16, Boyt 1 and Boyt 1-A
Block 2: FSU2, FSU3, FSU5, FSU6, FSU8, FSU14
Block 3: FSU1
From the structural map on the top and the base of 
the Frio sand, an isopachous map was contoured. The
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original gas in-place was calculated volumetrically for each 
block. It was found to be 434.78 bscf for the entire re­
servoir .
After the volumetric calculation results had been ob­
tained, the original gas in-place was calculated using the 
material balance equation. Input data for the material bal­
ance equation was obtained from the available production 
history of the wells and the pressure measurements based on 
24 hours shut-in. All logs were interpreted to calculate 
some other data.
The reservoir fluid was considered to be single phase 
in the reservoir. The produced condensate was converted to 
its gas equivalent.
The material balance equation was applied for each 
block. The original gas in-place was calculated to be
405.58 bscf for the entire reservoir. An error of 6.7% was 
obtained between the volumetric and the material balance 
calculations.
Since Block 3 contains only one well (FSU1) and this 
well was shut-in, no future prediction was made for this 
block. The future prediction for Blocks 1 and 2 showed an 
additional recovery of 11 bscf. The recovery efficiency, 




North Point Bolivar is located offshore in Galveston 
County, Texas. The Frio sand formation represents the pay 
zone of this field which is of Lower Oligocene age. _r This 
field, like other fields in the Gulf Coast region, overlies 
a salt dome, and for that reason, faulting is commonly 
associated with those fields (I-Ialbouty, 1979).
The first step in this study was to draw a subsurface 
structural map of the Frio sands. The structural map was 
drawn from the available well logs. Resistivity and acous­
tic logs were used to evaluate subsurface sections and iden 
tify some correlation points.
Many structural and stratigraphic sections had been 
made before the structural map of Frio sands i\?as contoured. 
These sections were drawn through Frio sands as well as 
3000 feet above it. Figures 1 through 4 show some of the 
projected sections.
Some sections were selected for the wells that were 
located on a nearly straight line. Acoustic logs were used 
to select the correlation points which represent continuous 
stratigraphic horizons on the logs. All measured depths 
were corrected to the true vertical depths, using the di­
rectional survey results.
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The target of the cross sections was to correlate the 
stratigraphic units within rock sequences. Correlations 
may show normal faults, reverse faults, unconformities, 
etc., but it is known that in the Gulf Coast region, fault­
ing is predominantly normal or gravity type (Halbouty, 
1979).
Looking for missing sections was the main purpose of 
the correlations. As it is known that missing sections 
reflect the occurrence of normal faults, an assumed fault 
was assigned to any missing section encountered in the 
correlations.
Attention was paid for small assumed faults as well 
as large ones. This correlation was done by considering 
missing zones of a range of 10 to 400 feet. All faults 
were reviewed and projected to the Frio sands. From the 
available information about the dry holes that had been 
drilled before this field was discovered, the production 
history of the wells and the projected fault data, a con­
tour map was constructed for the Frio sand. Figures 5 and 
6 show the structural maps on the top and base of the Frio 
s and.
Because of the faults encountered in the sand, the 






















Cross Section of Wells FSU1, FSU3 and FSU12
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FIELD HISTORY AND DEVELOPMENT
North Point Bolivar Field was discovered in 1972. Pro­
duction was commenced in November 1973, which was considered 
to be the effective starting date of this study. Since this 
date, a total of 19 wells have been drilled, of which 5 
wells are currently producing.
The first well (FSU1) was completed on 9/22/72 to pro­
duce from approximately a 15-foot thick Frio sand section, 
with an absolute open flow potential of 15068 mcf/day. The 
Frio sand in this well was found to be cut by a fault; hence,
thickness is much less than the average of 100 feet. The
well was considered as a block by itself and will be named 
hereafter as Block 3. It produced 1.6 bscf from November
19 73 to June 1980, when it was plugged and abandoned.
Well FSU2 was completed on 2/4/73 in the Frio sand with 
an absolute open flow potential of 91897 mcf/day. It pro­
duced 4.0 bscf from November 1973 to June 19 74, when it 
blew out. The blow out continued for 205 days, and it was 
estimated by the engineers of the operating company to have 
produced 5.5 bscf during this period.
Wells FSU3, FSU5 and FSU6 were completed in October 
19 73. These wells are located in Block 2, and they are 
currently producing. Well FSU14 was completed on 2/1/75
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in the Frio sand with an absolute open flow potential of 
470,000 mcf/day. It is located in Block 2 and is considered 
as the highest structural well in the field. However,
FSU14 started producing 30 bbl's water per mmscf gas and 
was shut-in on 8/1/31 for a reservoir evaluation. In this 
study, water production is considered to be the result of 
a mechanical failure rather than water encroachment.
FSU11 was completed on 12/13/74 in the Frio sand with 
an absolute open flow potential of 22 7019 mcf/day. This 
is the only well which is currently producing in Block 1.
Well FSU8 was completed on 9/1/77 in the Frio sand 
with an absolute open flow potential of 133000 mcf/day.
On 3/5/81 it sanded up across the perforations• therefore, 
it was temporarily abandoned to be redrilled*
Well FSU12 was completed on 8/17/75 in the Frio sand 
with absolute open flow potential of 242301 mcf/day. Pro­
duction .was lost and the well was plugged and abandoned 
on 9/12/81.
Well FSU13 was completed on 9/4/77 in the Frio sand 
with absolute open flow potential of 177943 mcf/day. It 
depleted very rapidly as the production rate approached 
1.8 bscf/month. It started producing water of 100 bbl's/ 
mmcf on 5/1/81 and continued to increase until it was 
plugged and abandoned on 11/12/81. In this study, it is
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thought that this water production was due to mechanical 
failure or coning problems rather than water encroachment.
Boyt 1 was completed on 12/5/73 as a dry hole; however, 
the Frio sand was below the gas-water contact in this well. 
The top of Frio sand in Boyt 1 is 13,050 feet.
Boyt 1-A was completed on 3/15/76 in the Frio sand.
The logs of this well indicate a gas-water contact at 12,910 
feet below sea level. On 11/6/76 it started producing 
water; hence, it was plugged and abandoned on 7/31/77.
FSU7 was completed on 12/14/73 in the Frio sand with 
an absolute open flow potential of 124,542 mcf/day. It was 
shut-in on 7/1/74. No explanation was found in the available 
records for ceasing production from this well*
FSU7-A was completed on 7/7/75 in the Frio sand with 
an absolute open flow potential of 215,173 mcf/day. On 
7/11/77 the well started producing water of 120 bbl's/mmcf; 
therefore, it was shut-in for reservoir evaluation. Many 
workover operations were done to squeeze and shut off pro­
duced water but they were- unsuccessful. It was plugged and 
abandoned on 5/12/81.
From the past history data of wells Boyt 1, Boyt 1-A, 
FSU7 and FSU7-A, the initial gas-water contact was estimated 
to be 12,960 feet.
Well FSU15 was completed on 5/28/76 in the Frio sand.
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On 2/1/78 it started producing water, and it was shut-in 
due to excessive water production.
Well FSU16 ST was completed on 2/1/79 to produce from 
the Frio sand with an absolute open flow potential of 13,467 
mcf/day. The gas-water contact was shown to be at 12,732 
feet below sea level. This gas-water contact is 128 feet 
higher than the one observed in Boyt 1-A in March 1976.
FSU16 ST started producing water at a ratio of 500 bbl1s/ 
rnmcf on 9/1/79, and it was plugged and abandoned on 4/29/81.
Figures 7 through 19 show the production history of 
each well in the field. Tables 1 through 3 show the pro­
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Table 1
Production History Data (Block 1)
fri e ( d a y s ) CGP(MCF) OOP(BBLS) GUIP (BBL
0. 0. 0. Q.30. 211145. 2111 . 0.
GO ■ 7925GG. 9495. 0.
90. 1381736. 15976. 0.
120. 202G934. 23073. 0.
150. 2G44007. 29861. 0.
180. 3338536. 33334. 575.
210. 3797560. 35629. 955.
240. 3797560. 35629. 955.
270. 3797560. 35G29. 955.
300. 3797560. 35629. 955.
330. 3797560. 35629. 955.
3G0. 3797560. 35629. 955.
390. 3797560. 35629. 955.
420. 4188680. 37585. 1385.
450. 4733514. 41399. 1930.
480. 5282541. 45242. 3303.
510. 5731536. 48385. 4425.
540. 6211329. 51744. 5625.
570. 6805220. 54789. 6694.
GOO. 7781208. 62404. 8351 .
G 3 0. 8842884. 71396. 9708.
GGO. 9911579. 79930. 12894.
690. 11036306. 88570. 14597.
720. 11967755. 93919. 19085.
750. 12818916. 104032. 21406.
780. 14769479. 119924. 24471.
810. 16082652. 130758. 27014.
840. 17480621. 142119. 29639.
870. 19274403. 157282. 33091.
900. 20863031. 169415. 35144.
930. 23021753. 186122. 39845.
960. 24902798. 200579. 43301.
990. 26377191. 211838. 45695.
1020. 28154145. 225182. 49210.
1050. 30367100. 240797. 53270.1080. 32964525. 25968B. 59146.
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Table 1 (continued)
m e (. j a y s ) CGP(MCF) CCP(EBLS) CWP(BBLS
1110. 35623350. 279068. 78943.1 140 . 37891725. 295437. 98213.1 1 70. 39533500. 307885. 119691.1200. 41268887. 320361. 152875.
1230. 42689921. 330997. 177194.
12G0. 44279708. 343906. 204976.
1290. 46255435. 362568. 232643.
1320. 48323727. 381961. 264129.
1350. 50231898. 400015. 307393.
1380. 51436142. 410276. 346973.1410. 53107880. 424639. 369472.
1440. 54777742. 438869. 373279.1470. 56321781. 450487. 376602.1500. 58240836. 464914. 381959.1530. 60128002. 477293. 392563.15B0. 61465086. 486351. 413808.
1590. 63004503. 496974. 416407.
1620. 65546082. 512334. 434828.1650. 67083681. 522693. 440748.
1680. 69636066. 537843. 452989.
1710. 71292292. 549831. 460721.
1740. 72106579. 555276. 489835.
1770. 72994729. 560931. 494319.
1800. 74334250. 569990. 520676.1830. 76509647. 582632. 526221.
I860. 79190236. 597851. 535190.1890. 81428365. 607417. 561397.
1920. 84000594. 620634. 566421.1950. 86173187. 631620. 571577.
1980. 87765604. 640658. 575467.2010. 89916945. 650193. 580005.
2040. 92283739. 660659. 588025.2070. 94095495. 669348. 595741.
2100 . 95624831. 677597. 601353.
2130. 96879791. 683248. 609526.
2160. 97934265. 688728. 615336.2190. 99172162. 694020. 622997.
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Table 1 (continued)
,irie(da v s ) CGP(MCF) CCP(BBLS) CWP(BBLS)
2220. 100487424. 899392. 831317.2250. 101721538. 704817. 635477.
2280. 102958081. 710578. 641422.
2310. 104038027. 714878. 847028.
2340. 105015597. 718402. 652093.
2370. 106135811. 722238. 857492.
2400. 107248370. 728891. 684388.
2430. 108004315. 729234. 889287.
2 4 G 0 . 108872130. 732609. 674226.
2430. 109894095. 734986. 878118.
2520. 110290988. 737620. 882199.
2550. 110903713. 739938. 887805.
2580. 111508818. 742860. 893863.
2810. 111938583. 744838. 701083.
2840. 112215728. 748253. 702989.
2870. 112457875. 747433. 704398.
2700. 112833886. 748931. 718823.
2730. 113163887. 750115. 730180.
2780. 113478844. 751441. 743429.
2790. 113892170. 752383. 748194.
2820. 113876305. 753151. 749188.
2850. 114082255. 753872. 750360.
2880. 114257022. 754752. 751490.
2910. 114435818. 755501. 752490.
2940. 114834952. 756254. 753686.
2970. 114805244. 758928. 754824.
3000. 114834307. 757774. 755018.
3030. 115022885. 758221. 758335.
3080. 115215024. 758706. 757834.
3090. 115415888. 759139. 759180.
3120. 115599302. 759457. 780334.
3150. 115780971. 759717. 781260.3180. 115953084. 780151. 782052.3210. 118095081. 760718. 762782.
3240. 118230104. 781358. 783840.
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Table 2
Production History Data (Block 2)




1 3 5 0 3 9 0 . •: •*“> /—• —f ?ii O b  / .
o
0
3 0. 3 7 4 2 3 3 0 . 3 1 0 3 1 .
9 0 . 5 3 4 8 7 0 0 . 4 3 2 2 5 . o
1 2 0 . 7 2 8 3 5 2 5 . 5 7 9 7 4 . o
1 5  0 . 3 5 9 3 6 7 5 . 7 7 "■r \mJw* •
I S O . 1 1 7 2 1 3 3 5 . fc 3 3 2 7 . X.J
2 1 0 . 1 4 1 7 3 2 2 1 . 1 0 2 3 4  0. o "7 o
2 4 0 . 1 5 8 4 2 1 . 0 3  . 1 1 5 0 2 5 . 5 1 7 4
2 7 0 . i / L;*r / o *t o  > 1 2 2 1 3 4 . 7 4 8 4
2 0 0  . o <v a  p cr rr o n 1 2 7 S 0 S . 1 2 0 7 3
3 3 0 . 9 7  7  o 7 C 7 ■i £ £ Ci £ C 1 O U w ~
3 G 0. •-> / O  ■_> / _• • 1 4 9 9 2 3 .
3 3 0  • 2 7 3 0 9 5 3 2 . 1 5 S !T 7  5 . ■-> Q CT 0 £
4 2 0 . •■n . •*? 7  -j -7 —• .O / w 4— / O w a 1 3 3 G 0  2  . 3 I 0 3 4
4 5 0 . 3 3 7 9 4 5 3 7 . 1 9 1 8 4 1 . 3 3 is w 3
4 3 0. 3 5 9 7 8 4 5 2 . 1 9 7 S S 0 . 4 0  0  0  0
5 1 0 . 3 8 3 9 4 4 8 9 . 2 1 3 7 7 5 . 4 3 1  S 3
5 4 0 . 4 1 3 5 4 3 2 9 . •-} ̂  £ -7 rj £ 3 C Z 4 3
5 7 0 . 4 3 5 3 4 3 3 5 . •-> c r q  -7 q rr £ 70 "7 “7
G O O .  - 4 3 5 0 2 S 3 4 , 2 3 9 4 9 3 . 6 0 0 5 3
G 3 0 . 2 9 7 9 3 2 . Jo ** -J 3
3 3 0. 5 2 3 2 4 7 5 0 . 3 1 1 3 3 3 . 3 3 1 4 7
3 3 0  . 5 4 0 3 3 0 4 4  . S  Z 3 3 3  T' a 7 1 0 1 4
~ n 5 5 4 4 5 2 3 5 . o /j. ■*> c ̂ 7 3 3 3 1
7 5 0. 5 3 4 1 7 3 9 1 . •“3 4* C*. “3•mJ w’ • 7 6 G 2 3
7 9 0 . 5 3 8 S 2 7 5 5 . 3 4 5 3 2 7 . 7 7 8 0 3
8 1 0  . 5 3 2 7 9 9 5 0 . j b 2 3 u * t . 3 1 3 2 3
3 4 0  . S 1 2 0 1 2 7 3 . 3 7 S 7 B 4 . 9 4 4 3 2
9 7 0 . 3 2 3 7 7 2 2 4 . 'Z O /> D j t a  / . 6 S B 6 G
9 0 0  . 3 5 4 9 4 5 1 2 . 4 0 7 7 2 2 . 3 2 2 0 8
9 3 0 . 3 7 4 5 3 5 7 8 . 4 2 1 7 9 2 . 3 5 9 3 4
9 9 0 . 3  9 9 9 3 3  0 1 . 4 3 9 7 7 3 . 1 0 0 1 2 7
9 9  0 . 7 2 5 4 7 7 8 7 . 4 5 9 7 9 G . 1 o 4 3  S 7
1 0 2 0 . 7 3 9 7 1 5 2 9 . 4 3 9 3 7 3 . 1 0 3 2 9 9
1 0 5 0  . 7 5 3 9 3 3 0 1 . 4 8 1 8 7 7 . 1 0  9 0 1 2
1 0 9 0 . 7 7 2 3 9 9 7 5 . 4 9 3 2 0 0 . •* A 4 ^* 4. X *2. w W*
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Table 2 (continued)
T i i t i e  ( d a  v s  ) C G P  M C F  )
1 1 1 0 . 7 3 3 1 4 S 5 7 .
1 1 4 0  . S 1 7 4 S 0 8 2 .
1 1 7 0 . 8 4  5 1 2 7 3 0 .
1 2 0 0  . 8 S S 0 1 1 5 0 .
1 2 3  0 . S S 5 0 3 3 7 2 .
1 2 S 0  . 3 : 9 3 2 7 1 4 ,
1 2 3 0 . 3 4  2 0 1 7 8 7 .
1 3 2 0 . 3 6 S 0 5 2 3 3 .
1 3 5 0 . 3 8 8 1 8 2 0 2 .
1 3 S 0 . 1 0 1 4 5 3 5 8 7 .
i 4 x 0 . 1 0  2 3 8 3 3 0 S .
1 4 4 0 . 1 0 4 8 3 3 1 1 3 .
1 4 7 0  . 1 0 8 8 3 0 8 8 1 .
1 5 0 0  . 1 0 S 1 5 1 8 B 3 .
1 5 o  o . 1 1 1 3 8 7 1 8 5 .
1 5  E 0 . 1 1 3 7 0 2 7 4 5 .
1 5 3 0 . 1 1 G 5 8 0 0 S S .
1 G 2 0 . 11 S 0 5 £ 2 0 3 .
1 8 5 0 . 1 2 1 7 1 2 8 3 2 .
i sso. 1 2 3 8 2 0 3 3 8 .
1 7 1 0 . 1 2 7 0 8 4 9 4 3 .
1 7 4 0 . 1 2 8 3 8 8 1 1 8 .
1 7 7 0 . 1 3 0 8 0 S 0 2 G .
1 B O O  . 1 3 2 1 8 5 3 5 1 .: s 3  o . 1 3 4 2 1 7 7 7 8 .
1 8 S 0 . 1 3 7 3 1 3 8 8 2 .
1 8 3 0 . 1 4 0 5 9 8 6 7 8 .
. 3 2 0 . 1 4 3 G £ 7 (.! 1 3 .
1 3 5  0 . 1 4 8 9 8 4 3 1 0 .
1 3 S 0 . 1 4 S S S 8 0 9 G .
2 0 1 0 . 1 5 1 9 3 5 8 1 2 .
2 0 4 0  . 1 5 4 8 7 1 8 3 2 .
2 0 7 0 . 1 5 7 9 4 5 3 8 4 .
2 1 0 0  . 1 3 1 1 7 G 5 8 4 .
2 1 3 0 . 1 S 4 2 C 7 8 5 G .
2 1  G O  . 1 3 7 2 7 0 8 4 2 .
2 1 3 0 . 1 7 0 1 3 9 4 7 8 .
C C P ( B B L S ) C w P  3 B L S
5 0 8 3 1 2 . 1 1 3 9 2 0
5 2 5 8 4 9 . •t *! “7 . “■JL. / w w -
5 4 4 5 7 3 . * •"“} £ “b
5 5 2 7 0 9 . 1 2 8 : 2 3
5 7 7 3 1 5 . 1 3 3 7 8 3
nr O rj n  - Ciw w  w w *_ w . 1 ~ 7 2 9 ̂
E 0 S 3 4 4 , 1 4 2 1 9 1
G 2 1 1 0 3 . 1 4  3 3 0 5
8 4 8 5 5 5 . 1 5 1 8 8 1
8 7 0 8 3 3 . 1 5 0 1 3 5
G b 4 7 1 b . 1 5 9 8 3 9
8 8 7 7 2 3 . 1 3 3 4 3 3
7 1 3 5 1 2 . 1 3 7 3 8 3
7 2 9 8 5 4 . 1 7 3 3 4 4
7 4 8 8 8 4 . 1 7 3 3 2 3
7 S 0 0 1 2 . 1 S 3 0 G 1
7 7 8 2 1 7 . 1 3 9 8 5 9
7 8 S B 1 8 . i s t o ^ s
8 1 4 2 5 7 . 2 0 0 3 5 7
8 2 7 3 4 5 . 2 0 4 3 5 1
S 4 G 0 5 7 . 2 1 1 8 2 3
o b b c 7  j • 2 3 8 1 3 3
8 7 8 9 4 1 . 2 2 0 3 2 8
3 8 4 8 6 2 . 2 2 4 7 4 8
8 9 b S u i . 2 2 9 : 9 5
9 1 5 2 1 4 . 2 3 7 0 0 3
9 3 3 G 1 2  . 2 4 5 3 0 5
9 4 3 2 1 9 . 2 5 2 1 3 0
S 6 6 3 0 4 . ' 2 6 0 2 3 2
9 9 0 0 7 8 . 2 S 7 G 4 1
2 3 0 7 5 9 . 2 7 1 7 8 3
1 0 0 4 9 5 8 . 2 7 b O 3 b
1 0 2  0 0  2 0 . 2 4 2 1 2  ̂
1 0 3 5 4 3 2 . 2 3 8 3 1 5
1 0 4 8 7 8 0 . r> Ci b. 1 2
1 0 6 3 5 3 9 . 3 O 3 0 £ 8
1 0 7 8 2 9 b . 3 0 9 8 2 3
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Table 2 (continued)
T i m e  < d a y s ' )  C G P ( M C F )
2 2 2 0  . 1 7 2 S 3 8 2 0 Gn r> f-, 1 7 5 2 S 5 4  4 B
2 2 3  0 . 1 7 7 S S 0 3 7 4■’*} -ti j i . 1 8 0 6 3 3  0 7  S
2 3 4 0  . 1 8 3 1  SI 1 4 8
2 3 7  o . 1 8 5 1 1 9 5 9 0
2 4 0 0 . 1 9 7 3 0 8 3 4 4
2 4 3 0 . 1 8 9 5 3 4 G B 0o r. r> ", .1,0 . 1 S 0 S 3 2 2.3 2/I O f-. iL *+ O U . 1 3 2 1 7 1 1 3 97> cr r-, 1 9 3 5 2 2 1 1 0
2 5 5 0 . 1 9 5 0 8 1 1 5 8
2 5 3 0 . 1 9 8 7 4 8 8 6 2 ̂r* r*.V • 1 9 8 2 8 3 0 2 2
2 6 4  0 . 1 3 9 5 3 0 8 5 4
2 6 7 0 . 2 0 0 8 5 9 2 7 2
2 7 0 0 . 2 0 2 0 S 8 3 3 S
2 7 3 0 . 2 0 3 3 0 3 5 9 8
2 7 3 0  . 2 O 4 4 2 0 » 8 5 2"7 c> 2 0 5 5 7 7 7 2 8
2 S 2 0 . 2 0 6 5 4 2 9 0 0
^ R 5  0 2 0 7 3 5 8 2 5 4
2 S S 0 . 2 0 8 2 9 9 2 7 2
2 3 1 0 . 2 0 3 1 6 3 3 3 3
2 9 4 0 . 2 0) 9 9 9 7  0 ' 4
2 3 7 0 . 2 1 0 8 9 7 2 4 0
3 0 0 0 . 2 1 1 3 7 3 1 9 0
2 0 2 0 . 2 1 2 6 2 0 8 1 5
3 0 6 0 . 2 1 3 2 4 1 0 3 0
3 0 9 0 . 2 1 2 7 7 S 3 7 4
3 1 2 0 . 2 1 4 3 3 7 1 7 6
3 1 5 0 . 2 1 5 1 6 2 8 3 4
3 1 3 0 . 2 1 5  S 9 9 8 4 4
3 2 1 0 . 2 1 3 4 4 9 7 0 2
3 2 4 0 . 2 1 6 7 9 2 9 3 0
: C P ( B B L S ) C W P  ( BEL.
0 8 7 3 0 3 . /n -i *  *j *  T)
O S S B O S .
\ r*- —; ^  
O  *_ J  O  /  w
1 1 0  3 3 4 . ^  ~  - r> it w  w  -  CD w
- e r o ^
1, ~b W* '-j » O  4 L*: E  w O
1 3 1 5 6 3 . 3 4 8  0 S E
•j -n q  f \  t t  
*  J  J  i  /  • n c £ ! 7 " ^
1 4 8 0 S 0 . 3 6 1 7 3 0
1 5 5 8 6 4 . 3 7 0 2 4 3
r-* r \  o  
*  O  ^  ^  -i. ■ 2 7 4  7  (j  ^
1 3 5 1 0 2 . O  p  O  ■-> *7 t r
1 6 3 9 3 4 . 3 8 8 2 7 0
1 7 3 3 8 7 . O  W b w  1 U
1 8 4 1 6 7 . 4 0 3 3 S 9
1 9 2 1 5 9 . A J i  H  *—i A**■ *  I  ^2 O  ^
1 9 9 8 9 4 „ 4 1 5 4 6 3
2 0 5 4 1 2 . 4 C- ■~D CT '
2 1 1 3 4 9 . 4 2 4 0 5 4
« r  n O * 72. O  W< L»’ /  • 4 2 8 9 3 3
2 2 1 1 G B . 4 3 2  6  S 8
2 2 6 3 0 4 . 4 2 5 8 5 7
2 2 3 8 9 1 . 4 3 3 4 2 4
2 3 2 8 6 3 . 4 4 2 0 6 4
O  T  p  •*! -i ~ 4 4 4 9 6 0
2 3 9 9 2 5 . 4  A- bo b-: -
2 4 2 7 5 7 . £  U- •: -t O
•-) r  '-l i-\ o  
t— *T Cl C  C  w  . £ . 5 4 4 4 4
2 4 9 9 4 ? . 4 5 8 0 3 0
2 5 3 6 4 S . 4 6 : 3 3  /
2 5 6 3 6 3 . 4 3 4 2 2 0
2 6 6 2 6 4 . 4 6 6 5 3 2
2 3 8 6 4 3 . 4 6  S 3 0  8
2 7 2 9 3 1 . 4 7 : 9 2 0
2 7 5 2 3 5 . 4 7 4 5 1 5
2 7 7 0 0 2 . /! “ ? p  yi « f ~\*r  /  b  * t  *  u
2 7 8 7 2 6 . *  *7 "7 ^  1— A*T /  /  /  C- *T
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Table 3
Production History Data (Block 3)
T i m e ( d a  ■/s  ) CGP(MCF) CGP(MCF) C U i P  < E B i _ S
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Time(days) CGP ( tfCF CCP(BEL5) CWP(BBLS
1110. 1197089. 7897. 5146.1140. 12274G7. 8140. 5146.
1170. 1251628. 8333. 5146.
1 200. 1272406. 8499. 5194.
1230. 12775G3. 8540. 5221 .
12G0. 1291402. 8678. 5498.
1 290. 13 0 G 6 9 2 . 8831 . 5707.
1 320. 1312132. 8885. 5760.
1350. 13140G5. 8904. 5760.
1380. 1318555. 8935. 5781 .
1410 . 1322364. 8962. 5811.
1440. 1339522. 9082. 5999.
1470. 1348702. 9146. 6179.
1 500. 1373979. 9323. 6316.
1530. 1392594. 9453. 6316.
1 5 S 0 . 139G892. 9479. 6351 .
1590. 142748G. 9693. 6351 .
iS20. 1442599. 9794. 6351 .
1G 5 0 . 1442599. 9794. 6351 .
1GS0. 1442599. 9794. 6351 .
1710. 144G221. 9812. 6351 .
1740. 1453434. 9825. 6351 .
1770. 1459138. 9923. 6410 .
1 BOO. 14G2799. 9971 . 6450.
1830. 1471966. 10031. 6479.
18G0. 1480019. 10166. 6614.
1890. 1480019. 101GG. 66 i 4.
1920. 1480695. 10174. 6614.
1950. 1482428. 10195. 6614.
1980. 1484001. 10214. 6614.
2010. 1485795. 10236. 6635.
2040. 14BG540. 10245. 6653 .
2070. 1508306. 10256 . 6653.
2100. 1527952. 10306. 6653.
2130. 1530953. 10406. 6653.
21 GO. 1537503. 10406. 6653.
2190. 1554401. 10406. 6653.
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Table 3 (continued)






















INPUT DATA FOR THE MATERIAL BALANCE EQUATION
The input data for the material balance equation will 
be discussed in three section as:
1. Reservoir rock properties
2. Reservoir fluid properties
3. Production and pressure history data
The reservoir rock properties will be discussed first.
1• Reservoir Rock Properties
Sidewall cores were available for each well in 
the field. Those cores were not used to calculate 
the rock properties because it is thought that side­
wall cores yield erroneous rock property values 
(Bass, 1983). Therefore, the following parameters 
were calculated mainly from the available well logs, 
Porosity
Acoustic logs were used to calculate the aver­
age reservoir porosity. Wyllie's equation was con­
sidered in the porosity calculations:
<* = " t m a  . 1
h  - *ma ^
r _ C 'P " " I W
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where:
0 = porosity, fraction
t = formation travel time from the log, jisec/ft 
tma = matrix travel time, jisec/ft 
CD = compaction correction factor 
tsh = travel time in adjacent shales, >isec/ft
C = shale compaction coefficient .
The porosity obtained from the above equation does not 
account for the effect of hydrocarbons. It is known that 
the travel time increases in a gas-bearing section and 
this will cause a porosity calculation greater than that 
actually present.
It has been shown that a correction factor of 0.7 
should be used in gas-bearing zones (Hilchie, 19 78).
$c = <|> * 0.7
where:
4>c = the porosity corrected for the presence of gas. 
The weighted average porosity was considered in cal­
culating the average porosity for each well. An arithmetic 





  ^  jArithmetic average <t> = J = 1m
where: cFj = weighted average porosity for a well
$ = arithmetic average porosity for the reservoir
h = thickness of an interval, feet 
n = number of porous intervals in a well 
m = number of wells penetrating the reservoir.
Connate Water Saturation
Well "Boyt 1" is a dry hole which penetrates the water 
zone in the Frio sand. The logs of this well were used to 
calculate the resistivity of the formation water. Table 4 
shows the log analysis of the Boyt 1 well. A value of 0.02 
ohm-m water resistivity was calculated.





F = formation resistivity factor





RQ = formation resistivity of a 100% water saturate 
Rw = the resistivity of the formation water .
The true formation resistivity (R^) was obtained dir­
ectly from the induction log. The water saturation for each 
section was calculated using Archie's saturation formula:
sw = v m z  =
R t R t
where
Sw = water saturation, fraction
F = formation factor 
Rw = resistivity of formation water
Rt = true resistivity of formation ,
An average connate water saturation for each well in 
the reservoir was obtained using the following formula:
I  PjhjSwj
sv.-av = J = 1n
where:
j = 1
Swav = avera<de water saturation, fraction 
hj = thickness of an interval feet 
Sw = water saturation for the interval, fraction
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n = number of intervals in the well .
Tables 4 through 10 show the results of log analysis of 
some wells in the field.
Pore Volume Compressibility
The average depth of the Frio sand is 12,500 feet with 
an initial reservoir pressure of 10,448 psia (0.835 psi/ft). 
This reservoir is considered to be an abnormally pressured 
gas reservoir. It is known that the formation compress­
ibility factor becomes a critical factor in the material 
balance equation for an abnormally high pressure reservoir. 
For that reason, more emphasis was paid to the estimation 
of this parameter.
Formation compressibility is commonly estimated from 
the correlations that have been published in the literature. 
All correlations were intended for different rock-type 
systems; hence, it is important to assign a rock-type to 
the formation of interest. It has been known that Frio 
formation is a sandstone, but the question is whether it is 
consolidated or unconsolidated.
It has been concluded that the Frio formation is un­
consolidated sand because of the following reasons:
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Table 4 
Well Log Analysis (Boyt 1)
H < f  t ) R t  ( ohdi-di) D t (  s e c / f  t ) p o r o s i t y L
•o
0 . h .S w
4 . 0 0 . 7 0 7 5 . i o. J. *_ . 8 3 . 0 0 0
1 0 . 0 0. G O 8 5 . . 2 0 . 8 8 . 0 0 0
oCO 0 . 2 2 9 5 . . 2 8 1 . 1 3 . 0 0 0
1 0 . 0 0 . 2 4 9 5 . . 2 8 1 . 0 3 . 0 0 0
7 . 0 0 . 2 8 9 5 . . 2 8 1 . 0 0 . 0 0 0
1 2 . 0 0 . 2 5 9 5 . . 2 8 1 . 0 8 . 0 0 0
7 . 0 0. 1 8 9 7 . . 2 9 1 . 2 5 . 0 0 0
2 5 .  0 0 . 4 0 9 0  . . 2 4 . 8 4 . 0 0 0
I B . 0 0 . 3 0 8 8 . . 9 7 . 0 0 0
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Table 5
Well Log Analysis (Boyt 1-A)
H < F t ) R t ( ohfii-in ) Dt ( sec/ft ) porosity Sw . h . Sw
10.0 1 .70 98. .21 .41 1 .243
10.0 5 .50 102. .23 1 .785
3.0 3.50 103. .24 . 28 1 .015
\8.0 5.50 105. .25 .23 1 .527
7.0 2.30 10G. .25 .35 1 . 148
10.0 1 .80 100. .42 1 .273
1 0.0 1 .20 100. .48 1 . 133
13.0 0. SO 100. .53 1 .234
1S.0 0.45 80. .24 .79 . 000
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Table 6
Well Log Analysis (FSU3)
H(Pt > Rt (ohfii-fit) Dt( sec/Pt) par 0 5 i t Y 2Sw 0. h . S
5.0 1 .20 90 . .24 .48 .615
5.0 1 .GO 100. ■ *1. .42 . G33
5.0 2.70 75. .12 .32 .419
G. 0 5 . 00 90. .24 .24 1 . 0 8 3
50 .0 15.00 105. . 25 .14 -a-
5.0 1.70 1 0 0 . /-j r-y .41 .653
10.0 3. G 0 1 05. .25 .28 1 .778
3.0 1 .70 100. *7 .41 .392
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Table 7
Well Log Analysis (FSU5)
H ( f t ) Rt ( o hfri-m ) Dt ( sec/ft) Forosit'/ fe“
3.0 1 . 10 90. .24 .50
3.0 1 .0 0 95. . IS .53
10. 0 2.00 100. .37
8.0 4.00 105. .25 .26
4.0 5.00 106. .25 .24
6.0 9 .00 105. .25 .18
30.0 25.00 108 . .20 .11
12.0 10«00 100. . 17
1 0. 0 2.00 102. .23 .37
8.0 1 .80 100. ■ 39
14.0 1.10 102. • 23 .50
3.0 0.45 85. .20 .73















Well Log Analysis (FSU6)
H(F t ) Rt(o hm-rn) Dt ( sec/ft) porosity ! Sw 0. h . Si
ID O 2.00 102. .23 .37 1 .238
OmCO 2.80 100. . 32 1 . 202
11 .0 4.00 102. .23 . 2G 1 .885
5.0 2.0 0 105. .25 . 37 .771
2.0 4.00 no. .27 . 2G . 402
3.0 1 . GO 108. .26 .42 . 45S
15.0 8. 00 110. .27 . IS 3.331
3.0 3.00 104. .24 .31 . 502
7.0 2.50 110. .27 .33 1 .272
G.O 2.70 100. r>r> .32 .834
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Table 9 
Well Log Analysis (FSU7)
H ( F t) R t(□hw-m) Dt( sec/Ft) porosity 7s«/o 0. h .S
G . 0 1 .80 SO. .24 .33 . 8G4
12.0 5.50 i 0 0. 'P  ip 2.043
10.0 3.00 oq r> i .31 1 .453
5.0 2.0 0 105. r> <=r .37 .771
8.0 3.00 101. .23 .31 1 .251
18.0 2, GO 105. .25 .33 2.981
4.0 2.00 1 00. .37 .550
G.O 0.51 95. . 19 .74 . 000
2.0 0. 50 SO. .24 .75 . 0 O' 0
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Table 10
Well Log Analysis (FSU11)
H ( f t ) Rt(ohm-m) Dt( sec/ft) porosity 0.h.Sw
7.0 1 .50 no. .27 .43 1 .083
13.0 4.30 105. .25 .23 2.387
oin 9 .00 110. .27 . 18 1 . 125
3. 0 8.00 112. .29 .19 .892
CO • 9. 00 102. .23 .18 3.417
3.0 4.50 105. .25 .25 .555
3.0 3.30 110. .27 .29 .581
1 0.0 2. GO 110. .27 .33 1 .835
4 . 0 1 .50 103. .24 .43 .53*3
9.0 1 .50 102. .23 .43 1 . 178
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1) In an overpressured reservoir, the sand grains 
are not supporting as great a portion of the overburden 
pressure as they would in a normally pressured reservoir 
(Hammerlindl, 19 71). Therefore, the fluid is supporting 
high portions of the overburden pressure and the sands tend 
to be uncompacted.
2) It is known that if the travel time in the shales 
of a shaly sand reservoir are over 100 psec/ft, which is 
the case, then the formations are usually uncompacted 
(Hilchie, 1978).
3) The Well FSU8 had been sanded up across the per-/
forations and it was temporarily plugged to be redrilled.
Having decided on the rock type for the Frio sand, 
Newman's correlations were used to determine the pore- 
volume compressibility. The pore-volume compressibility 
was estimated to be 19.5 * 10”  ̂psi
Another estimate of the pore-volume compressibility 
was obtained to support the value that has been read from 
Newman's correlations. In his paper, "Predicting Gas Re­
serves in Abnormally Pressured Reservoirs", Hammerlindl 
(19 71) used empirical data from Gulf Coast Frio reservoirs 
to estimate the pore-volume compressibility. Using this 
data, the pore volume compressibility was estimated to be 
21.5 * 1CT6 psi”1.
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An average value of the two approaches that have been
mentioned above resulted in pore-volume compressibility
—6 “1being estimated as *20.5 * 10 psi
Net Effective Sand Thickness
Net sand thickness calculations were done for each well 
in the reservoir in order to calculate the original gas 
in-place volumetrically. The spontaneous potential logs 
were used to subtract the shale and other nonproducible 
portions from the gross thickness. Figures 20 through 22 
show typical logs for reservoir Blocks 1, 2 and 3, res­
pectively.
A water saturation cut-off value of 60% was considered 
in calculating the net sand thickness. No porosity cut-off 
value was used, since porosities were all greater than 15%.
2. Reservoir Fluid Properties
Water compressibility: Dodson and Standing correla­
tions for water compressibility were considered. An average 
value of 3.5 * 10~6 psi-1 was obtained and used in the mater­
ial balance calculations.
Water viscosity: The viscosity of water was obtained
from the standard correlations available in the literature 
(Amyx, Bass and Whiting, 1960). A value of 0.25 Cp water 
viscosity was used in this study.
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Figure 20
A Typical Well Log in Block 1
150












A Typical Well Log in Block 3
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Water Formation Volume Factor: Dodson and Standing
correlations were used to calculate the water formation 
volume factor. A polynomial equation was obtained to cal­
culate the water formation volume factor as a function of 
pressure; that is:
Bw - 1.072 - 0.000002 * P 
where:
Bw = water formation volume factor, STB/bbl 
P = average reservoir pressure, psia 
Gas formation volume factor (Bg): the gas formation
volume factor for a gas reservoir can be calculated using 
the following equation:
P.. Z TrBg = sc
T P sc av
where:
= Q'a-s formation volume factor, cu ft/scf 
Psc = atmospheric pressure = 14.65 psia
Tsc = atmospheric temperature = 5 20 °R
Tr = reservoir temperature = 730 °R 
Pav = average reservoir pressure, psia
Z = gas deviation factor at Pav 
Figures 23 and 24 show the gas deviation factor and gas 
F.V.F. as functions of pressure for the North Point Bolivar 
Field.
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3. Production and Pressure History Data
The production history data for each block are presented 
in Tables 1 through 3* As will be explained hereinafter, 
the produced condensate is converted to its equivalent sur­
face gas volume befor conversion to reservoir conditions.
An equivalent conversion is also made for the water which is 
produced as a vapor from the reservoir.
The average reservoir pressures at different times of 
depletion were obtained from 24-hour bottom-hole shut-in 
pressures. Table 11 shows the available pressures that 
have been measured at various time intervals. No appre­
ciable difference among pressures of wells measured at the 
time was noticed. Therefore, an arithmetic average was used 
to calculate the average reservoir pressure with time for 
each block. The average reservoir pressures were smoothed 
versus cumulative gas productions, and a polynomial equation 
was obtained for each block. Figures 25 through 2 7 show the 
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Table 11
Bottom Hole Pressure Data (Datum - 12,500











































10-75 B328 8141 8325




5-77 G7e5 6549 6675
9-77 6416
11-77 6270 8382




3-79 4849 4840 4797 4785










































Pressure vs. Cura. Gas Production (Block 1)
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Figure 26
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Pressure vs. Cum. Gas Production (Block 3)
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Phase Behavior of the Reservoir Fluid
No laboratory test was available to obtain the dewpoint 
pressure of the reservoir and to classify the gas phase 
behavior. The question that has been considered first was 
"whether the produced condensate is due to gas condensation 
at the surface or if it is produced from the reservoir as 
a liquid phase."
It is concluded that the hydrocarbon phase is in the 
gaseous state at reservoir conditions. The conclusion was 
considered by observing the condensate-gas ratio throughout 
the producing history of the field. It has been known that 
if the produced condensate is due to surface gas conden­
sation then "the amount of recoverable liquid which is 
contained in each thousand cubic feet of the gas produced 
by the wells remains the same at all times (Thornton, 1946)." 
Figures 7 through 19 show the production history of each 
well in the field.
It can be noticed from those figures that condensate- 
gas ratio is almost constant throughout the history of the 
wells until the end of 1979.
This conclusion was supported by calculating the dew- 
point pressure using a correlation presented by H.T. Kennedy 
and L.K. Nemeth. Their correlation expressed the dewpoint 
pressure of a condensate fluid as a function of reservoir
ER-28 71 65
temperature, fluid composition and the characteristics of 
heptanes-plus. They obtained an equation with 11 constants 
to calculate the dewpoint pressure with an average devia­
tion of 7.4 percent. Appendix A show’s their equation and 
its constants.
Gas chromatography analysis of Hell 3 was used to 
obtain the dewpoint pressure using the Kennedy correlation.
A value of 2,450 psia was calculated for the dewpoint press­
ure. This value indicates that the past pressure history 
of the reservoir is above its dewpoint pressure.
Since the reservoir fluid has been considered to remain 
in a single phase, the condensate production was converted 
to its gas equivalent using the following formula:
5.615 * p * 379.4FI = . ~ c________hHc
where:
FI = conversion factor which converts condensate 
production in barrels into its equivalent 
gas in cubic feet
5.615 cu ft/bbl
p = condensate density, lb/cu ft
MWC = the molecular weight of the produced condensate
379.4 = cu ft/lb-mole at 14.65 psia and 60°F
Figures 28 and 29 show the cumulative gas production "after
ER-2871
converting the produced condensate to its equivalent gas" 
vs. time for Blocks 1 and 2, respectively.
Water production is treated in the same way as conden­
sate production, but it is important to differentiate be­
tween the water that exists as vapor within the reservoir 
gas and liquid formation water. It is known that the water 
produced by condensation is free of salts, whereas the forma­
tion water contains a considerable amount of dissolved 
salts (Dodson and Standing, 1944). Table 12 shows the 
water analysis of some wells.
The amount of water that can be held in the vapor 
phase in the reservoir, was determined from Dodson and Stand­
ing correlations. The solubility of water in natural gas 
for a reservoir temperature of 270°F with different values 
of pressures were obtained. A second degree polynomial 
equation was determined to fit the data.
Sow = 5.84 - 959 * 10~6P + 466 * 1CT10 p2 
where:




P = the average reservoir pressure .
Hater production was converted to its gas equivalent 







Cum. Gas Production vs. Time (Block 1)
















Cum. Gas Production vs. Time (Block 2)
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F2 = 3 79.4 * p w * 5.615
MWIv
where:
F2 = conversion factor which converts water production 
in barrels into its equivalent gas in cubic feet 
pw = the density of produced water, lb/cu ft
MW = the molecular weight of water




Summary of the Average Reservoir Rock 
and Fluid Properties
Average depths, ft below S.L. 12,500
Porosity, percent 24
Initial v?ater saturation, percent 26
Residual gas saturation, percent 34
Reservoir temperature, °F 2 70
Initial reservoir pressure, psia 10,448
Gas gravity (air =1) 0.613
Condensate gravity, API 40.73
—6Water compressibility, 1/psia 3.5 x 10
Formation compressibility, 1/psi 20.5 x 10""̂
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PAST PERFORMANCE ANALYSIS
The past performance has been discussed herein in two 
categories, volumetric and material balance calculations.
The volumetric calculations will be discussed first.
1. Volumetric Calculation
From the structural maps on the top and base of the 
Frio sands, the amount of gas was estimated volumetrically. 
It is necessary to construct an Isopach map for this pur­
pose. A method introduced by WHARTON and discussed by 
McCord and Bankhead was employed in building the isopachous 
map. This method can be summarized by four steps (WHARTON, 
1948).
A. Drawing an isopachous on total net sand which includes
gas and water sand. The available electrical logs were
used to determine the net sand thickness, also a water 
saturation cut off value of 60% was considered in the 
isopachous map (regional map).
B. From the structural map on the top and base of the Frio 
sands, the gas-water contact was traced on the regional 
isopachous map.
C. All contours in Step 1 that were inside the gas-water 
contact traced from the structural map on the base
sand, were left as they were drawn in Step 1.
D. All contours in the area between the gas-water contacts
ER-2871 73
traced from the top and the base of the Frio sand were 
recontoured so that they fit data from wells in this 
area. Figure 30 shows the isopachous map of North 
Point Bolivar Field.
From the net pay isopachous map, the contours were 
planimetered to find the area inside each one. The volume 
of each block was found using the trapezoidal and pyramidal 
formulas as explained in Craft and Hawkins (p. 28):
Vĵ  = bulk volume of the block, cu ft
h = contour interval, ft
Aq = area inside the zero contour line, sq ft
A_,-- .A , = areas inside contours, so ft1* ' n-1 '
An = area inside the highest contour, ft .
The volumetric determination of gas in-place in each 
block was calculated using the following equation.
Vb = | <A0 + 2A1 + 2A2 + trap
V = vb* ' (1 - Swi)/Bgi
7 rp
Bg. = £S£ i r
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w h e r e :
V = volume of gas in-place, cu ft
V, = bulk volume of the rock, cu ft b •
= average reservoir porosity, fractional
S ± = average initial water saturation, fractional
Bg^ = initial gas formation volume factor, cu ft/scf
Psc = atmospheric pressure, psia 
Tsc = atmospheric temperature, °R
Z = gas deviation factor at initial reservoir pressure 
= initial reservoir pressure, psia.
The volumetric calculation led to the following initial 
gas in-place for each block:
Block 1 = 163 bscf
Block 2 = 270 bscf
Block 3 = no value could be determined volumetrically
2. Material Balance Computations
The material balance equation was applied for each block 
separately. Input data for the MBE has been explained pre­
viously. Tables 22 through 24 show the production and press­
ure history for each block.
One question, not yet answered, was whether the aquifer 
should be treated as a finite or infinite system. The MBE 
was manipulated in such a fashion so as to attack this pro-
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blem. This manipulation will be discussed first
The MBE can be linarized in the following form (Bass,
1982)
y = nix -r B
die re:
y Gp■I.i jfm, . * Bg + 5.61 * Wp " Bw
(Bg - Bg±) + 3gi (C S . + C.c) (P - P) " Vi w w i x i
5.61 E  (Qtd * a p )
(Bg - ng ) + 3gi
1 1-S .wi
m = aquifer coefficient, res bbl/psi 
B = original gas in-place, std. cu ft.
The derivation of this equation and its nomenclature 
are presented in Appendix C.
computer routine in the C.S.M. Petroleum Library, which is 
based on curves fitted to tables presented by VanEverdingen 
and Hurst. This routine follows the unsteady state curves 
until a value of Qtd greater than a given value of Qtdmax 
is reached.
The steps of calculation can be summarized as the 
following:
The term A P ) was calculated using the IvATRAD
ER-2871 77
1. For an assumed value of ra/rg, Qtdmax is calculated 
using the following formula:
znere:
Qtdmax = ~ £(ra/rg)2 - 1
2. Calculate td from the following formula
0.0063 28 Kwtd =
(h u C (r )2r w r w e g
Kw1 = aquifer permeability, md 
0 = aquifer porosity, fraction 
jj._, = water viscosity, Cp
C = C S . + C_, psi"1 e w vi r' ^
r = radius of the block, ft.
C j
3. x and y functions are calculated using the past 
performance data for each value of ra/rg.
4. The original gas in-place (3), water aquifer 
coefficient (m) are obtained using the least square 
method and the standard deviation is obtained.
5. The aquifer coefficient, the original gas in-place 
and ra/rg values corresponding to the minimum value 
of standard deviation, are selected to assign the 
best estimation.
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For all three blocks, the range of ra/rg was 1.5-3, 
which reflects a finite aquifer system. Table 14 shows the 
calculation of the MBE for Block 1.
Having obtained the conclusion that the water aquifer 
should be treated as a finite system, the material balance 
must be manipulated in a form to handle this system.
The form of the MBE for a finite aquifer is:
y = rax + a 
where:
rn = original gras in-place, scf




The Results of the M.B.E. Considering Ra/Rg 
and Atd as Unknowns (Block 1)
AnuiFer OOIP td '/. SSD Qtdmax
inst. # (BSCF)
4203.2 .166E+12 .50E-03 19.28 .54203.2 .166E+12 .25E-02 19.28 .54203.2 .1666+12 .13E-01 19.28 .54203.2 .166E+12 .63E-01 19.28 .5
4203.2 .166E+12 .31E+00 19.28 .54203.2 .166E+12 .16E+01 19.28 .54203.2 ■ 166E+12 .78E+01 19.28 .54203.2 .166E+12 .39E+02 19.28 .54203.2 .166E+12 .20E+03 19.28 .54203.2 .166E+12 .98E+03 19.28 .52341.0 .159E+12 .50E-03 14.95 1.02101.6 .166E+12 .25E-02 19.28 1.0
2101.6 .166E+12 .13E-01 19.28 1.0
2101.6 .166E+12 .63E-01 19.28 1.0
2101.6 .166E+12 •31E+00 19.28 1.0
2101.6 .166E+12 .16E+01 19.28 1.0
2101.6 .166E+12 •78E+01 19.28 1.0
2101.6 .166E+12 .39E+02 19.28 1.0
2101.6 .166E+12 .20E+03 19.28 1.0
2101.6 .166E+12 .8BE+03 19.28 1.0
3320.2 .148E+12 .50E-03 13.89 1.5
1401.1 .L66E+12 .25E-02 19.28 1.5
1401 .1 .166E+12 .13E-01 19.28 1.5
1401.1 .166E+12 .63E-01 19.28 1.5
1401. 1 .1S6E+12 .31E+00 19.28 1.5
1401.1 .166E+12 .16E+01 19.28 1.5
1401.1 .166E+12 .78E+01 19.28 1.5
1401.1 .166E+12 .39E+02 19.28 1.5
1401.1 .166E+12 .20E+03 19.28 1.5
1401.1 .166E+12 .98E+03 19.28 1.5
3428.5 .145E+12 .50E-03 15.33 2.0
1160.1 ■164E+12 .25E-02 18.14 2.0
1050.8 .166E+12 .13E-01 19.28 2.0
1050.8 .166E+12 .63E-01 19.28 2.0







Atd '/. SSD Qt di
1050.8 .1BBE+12 . 1BE+01 19.28 2.01050.8 .16BE+12 .78E+01 19.28 2.01050.8 .16SE+12 .39E+02 19.28 2.01050.8 .1B6E+12 .20E+03 19.28 2.0
1050.8 .166E+12 .98E+03 19.28 2.0
3428.5 .145E+12 .50E-03 15.33 2.51071.5 .1G1E+12 .25E-02 16.32 2.5
840.0 .1BSE+12 .13E-01 19.28 2.5840.0 .166E+12 .63E-01 19.28 2.5840.0 .1BBE+12 .31E+00 19.28 2.5
840.0 •16GE+12 .16E+01 19.28 2.5840.0 .1BBE+12 .78E+01 19.28 2.5840.0 .166E+12 .39E+02 19.28 2.5
840.0 .1BBE+12 .20E+03 19.28 2.5840.0 .16GE+12 .98E+03 19.28 2.5
* Aquifer const = bb1's/cuft
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A pressure differences linearization method was applied 
to the equation above (Bass, 1982). This method was adopted 
for the following reasons:
1. To generate a lot of data.
2. To pick up a point which is in error.
3. To remove the bias deliberately from the material
balance equation.
4. To get rid of dependency on P^.
The derivation of this form of the material balance 
equation is presented in Appendix B.
Figures 31 through 33 show the plots of x and y func­
tions of each block.
The material balance calculations have led to the fol­
lowing initial gas in-place for each block:
Block 1 = 144.4 bscf
Block 2 = 259.2 bscf




















































Linearization of the M.B.E. (Bloch 1)
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Linearization of the M.3.E. (Block 2)
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THE P/Z APPROACH
The performance of a gas reservoir and its future
behavior are commonly calculated by the graphical solution
to the material balance equation. The equation that has 
been used to calculate the original gas in-place, based on
the equation of state, is:
where:
P^ = initial reservoir pressure, psia
p = average reservoir pressure, psia
Z. = gas deviation factor at P.1 ^ i
Z = gas deviation factor at P
G = initial gas in-place, scf
Gp = cumulative gas production at P.
The derivation of this equation is shown in Appendix D.
This equation represents a straight line with slope 
of P./G 2. and an intercept of P ./Z..l l l' l
This equation can be derived with the following assump­
tions :
1. Homogeneous reservoir
2. No water production
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3. No water drive
4. Rock and water compressibilities are zero.
Figures 34 and 36 show P/Z vs. Gp plots for Blocks 1,
2 and 3, respectively. No straight line can be picked from 
ail of the blocks, and this reflects the fact that this 
plot cannot be used to calculate the original gas in-place 
for this specific reservoir.
It has been emphasized that this plot may not be a 
straight line if the reservoir is not volumetric. This is 
true, but the change of connate water and porosity with 
pressure is significant when the pressure of the reservoir 
is relatively high.
The P/S approach is no longer valid for high pressure 
(P^> 6,000 psi) (Bass, 1982). It is thought that this 
method would give an erroneously high estimate of initial 
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Figure 36
P/Z vs. Cum. Gas Production (Block 2)
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After the slope (G) and the intercept (C) from the 
past performance calculations were obtained, the future 
prediction was made for Blocks 1 and 2 using the same 
straight lines of the past performance. No future predic­
tion was made to Block 3 since it had only one well (FSU1) 
and it was shut-in and abandoned.
An attempt was made to estimate an incremental gas and 
water production as function of time so that the material 
balance equation can be solved for the pressure explicitly. 
This was done by using the decline curve analysis which 
works well in a finite system because the water influx is a 
linear function with time (Bass, 1982).
Decline curves (gas rate vs. time) were plotted for 
Blocks 1 and 2. Figures 3 7 and 38 show the decline curves 
for Blocks 1 and 2, respectively. There are three types of 
decline curves:
1. Constant percentage (exponential) decline
2. Hyberbolic deline
3. Harmonic decline.
The constant percentage decline curve was used in predicting 
the future production in this study. This type of decline 

























time. Therefore, this method cannot apply until a straight 
line on a log of rate vs. time plot is noticed. The follow­
ing equation describes the constant percentage decline 
method.
Log q = Log q± - t
where:
CI = gas rate at the end of a time step scf/day 
cij_ - gas rate at the beginning of a time step scf/day
a/2.3 = slope of the straight line on a semilog paper 
t = total time until the end of a time step, days
The constant percentage decline method was used for 
the following justifications:
1. It is known that the gas fields are depleted by 
constant pipeline pressures and this results in 
constant sand face pressures in the wells. If this 
is the case, constant producing pressure can be 
expected in gas fields.
2. Gas wells in the later stages of their producing 
lives, where the reservoir pressure becomes of the 
same order of magnitude as the (constant) well 
pressure, will decline exponentially (Brons, 1963).
3. Decline curves that have been plotted on semilog 
papers (Figures 3 7 and 38) showed approximately
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constant decline percentage lines for the last few 
years of production.
One month increraent of time was used in the decline 
curve equation to predict the future for each block. This 
was done according to the following steps:
A. One month increment is summed to the total time 
of the past performance to get (t).
B. The gas rate at the end of each time step is cal­
culated using the constant percentage decline equa­
tion as:
-atq . = a . -> e 1 *i-l
where:
cIj_ = gas rate at the end of time step i
q^  ̂= gas rate at the end of time step i-1
a = slope of the straight line on a semilog plot
C. An average gas rate was obtained for each increment 
of time, that is:
rr mm rr
q  = 1tj-l *tj sav — u a At
where:
qtj = gas rate at time step j, scf/day
= gas rate at time step j-1, scf/day
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qav = average gas rate, scf/day.
D. The cumulative gas production was calculated as
Gp . = Gp . _ q At 3 3-1 aVj
where: Gp_. = cumulative gas production at time step j,
scf
Gp^_^ = cumulative gas production at time step j-1, 
scf
q = average gas rate at time step j scf/day3 V j
At = length of time step, days.
Since the material balance calculations for past per­
formance considered the gas as one phase in the reservoir, 
no prediction was made for the condensate production.
Water production was projected from its past performance 
history. An equation of straight line was obtained for each 
block to calculate the predicted cumulative water production. 
Figures 39 and 40 show the history and future of water pro­
duction performance for Blocks 1 and 2, respectively.
Having obtained the time, cumulative gas production and 
cumulative water production, the material balance equation 
for the past performance was solved for pressure as follows:
1. Input incremental data of Gp and Wp











































History and Prediction of Water Production
(Block 2)
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P = (b + (B2 - 4aZ(G-Gp) )'_i) /-2a
where:
P = average reservoir pressure, psia
G = initial gas in-place from the past performance
history, scf
Gp = cumulative gas production at time step j, scf 
Z = gas deviation factor at P
a = the intercept of the x-y functions plot of the
past performance
P = atmospheric pressure, psia
Solving for pressure using this equation is somewhat 
of trial and error solution because Z is a function of 
pressure.
3. The cumulative water influx at each calculated
pressure was determined using the following equa­




aP. 4- VJ B * 5.61 * Al p w
T = atmospheric temperature, °R
= reservoir temperature, °R
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where:
W . = water influx at p .. bbls 
ej J
= initial reservoir pressure, psia 
r = radius of aquifer, ft
r = radius of gas reservoir, ftg  ̂ '
C — C 4* ce w f
C = aquifer water compressibility, £Dsi”^
h = average net pay thickness, ft 
o = porosity, fraction.
This step of calculations (Step 3) was done for 
Block 1 only because Block 2 is in a higher struc­
ture, and it was found that it will not be invaded 
by water at the end of predictions.
4. • Assuming an even water encroachment, the movement 
of the gas-water contact was calculated to find out 
when Well FSU11 will be invaded by water. This is 
done for Well FSU11 because this is the only well 
currently producing in Block 1.
Some gas pipeline companies use an abandonment pressure 
of 100 psia per 1000 feet of depth. This rule of thumb was 
considered in abandoning the future prediction calculations. 
Figure 41 shows the cumulative pore volume versus depth for
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Block 1. Figures 42 through 45 and Tables 15 and 16 show 
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Figure 42
History and Prediction of Gas Production
(Block 1)





















History and Prediction of Gas Production
(Block 2)
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History and Prediction of Pressure Decline
(Block 2)
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Table 15 
Prediction Results (Block 1)
Time Gas rate CGP Pressure CUP(days) (s cF/day) (SCF) (ps ia) (BBL'S)
3270. 4690.3 0. U854E+12 2179.3 535079.03300. 4288.9 0.11867E+12 2170.8 535082.73330. 3921.8 0.11878E+12 2163.1 535086.43360. 3586.1 0.11B89E+12 2156.0 535090.13390. 3279.2 0.11899E+12 2149.5 535093.83420. 2998.5 0. 1190BE+12 2143.6 535097.53450. 2741.9 0.11916E+12 2138.1 535101.13480. 2507.2 0.11924E+12 2133.1 535104.83510. 2292.6 0.11931E+12 2128.6 535108.5
3540. 2096.4 0. U937E+12 2124.4 535112.23570. 1917.0 0.11943E+12 2120.6 535115.93600. 1752.9 0.11948E+12 2117.1 535119.63630. 1602.9 0. U953E+12 2113.9 535123.33660. 1465.7 0.11957E+12 2110.9 535127.03690. 1340.2 0.11961E+12 2108.3 535130.73720. 1225.5 0.11965E+12 2105.8 535134.43750. 1120.6 0.11968E+12 2103.6 535138.03780. 1024.7 0.11971E+12 2101.5 535141.73810. 937.0 0.11974E+12 2099.6 535145.43840. 856.8 0.11977E+12 2097.9 535149.13870. 783.5 0. 11979E+12 2096.3 535152.8
3900. 716.4 0.11981E+12 2094.9 535156.5
3930. 655.1 0.11983E+12 2093.6 535160.2
3960. 599.0 0.11985E+12 2092.4 535163.9
3990. 547.8 0.11986E+12 2091.3 535167.6
4020. 500.9 0.11SB8E+12 2090.3 535171.3
4050. 458.0 0.11989E+12 2089.4 535174.9
4080. 418.8 0.11991E+12 2088.5 535178.6
4110. 383.0 0. U992E+12 2087.8 535182.3
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Table 16 
Prediction Results (Block 2)
Ti»e Gas rate CGP Pressure CUP< days) (scf/day) (SCF) (rsia) (BBL'S)
3270. 17570.5 0.22 111 E-*-12 1842.7 72582.5
3300. 16732.0 0.22162E+12 1823.8 72585.93330. 15833.4 0.22209E+12 1804.0 72589.33360. 15173.0 0.22255E+12 1785.1 72592.7
3330. 14448.9 0.22298E+12 1767.1 72596.13420. 13759.4 0.22340E+12 1749.8 72599.53450. 13102.7 0.22379E+12 1733.4 72602.83480. 12477.4 0.22416E+12 1718.5 72806.23510. 11882.0 0.22452E+12 1704.4 72609.83540. 11314.9 0.22486E+12 1690.1 72613.0
3570. 10774.9 0.22518E+12 1676.4 72816.4
3600. 10260.7 0.22549E+12 1663.4 72619.83630. 8771.0 0.22578E+12 1650.9 72623.23660. 9304.7 0.22606E+12 1638.0 72626.83630. 8860.7 0.22633E+12 1629.2 72630.03720. 8437.8 0.22658E+12 1618.4 72633.4
3750. 8035.1 0.22GB2E+12 1608.0 72636.83780. 7651.6 0.22705E+12 1598.2 72640.13810. 7286.5 0.22727E+12 1588.8 72643.53840. 6338.7 0.22748E+12 1579.8 72G4G.93870. 6607.6 0.2276BE+12 1571.3 72850.33300. 6292.3 0.22787E+12 1563.1 72653.73830. 5992.0 0.22805E+12 1555.3 72657.13860. 570G.0 0.22822E+12 1549.4 72660.53880. 5433.7 0.2283BE+12 1542.3 72663.94020. 5174.4 0.22853E+12 1535.6 72667.34050. 4927.4 0.228G8E+12 1529.1 72670.74080. 4692.3 0.22882E+12 1523.0 72674.04110. 4468.4 0.22896E+12 1517.2 72677.44140. 4255.1 0.22908E+12 1511.6 72680.84170. 4052.0 0.22921E+12 1506.3 72684.2
4200. 3858.7 0.22932E+12 1501.2 72687.64230. 3674.5 0.22943E+12 1496.4 72691.04260. 3499.2 0.22954E+12 1491.8 72694.44280. 3332.2 0.22964E+12 1488.8 72697.84320. 3173.1 0.22973E+12 1484.7 72701.24350. 3021.7 0.22982E+12 1480.7 72704.54380. 2877.5 0.22991E+12 1476.8 72707.94410. 2740.2 0.22999e+12 1473.3 72711.34440. 2609.4 0.23007e+12 1463.8 72714.7
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Table 16 (continued)
Time Gas rate CGP Pressure CUP(days) < scf/day) (SCF) (ps ia) (BBL'S)
4470. 2484.9 0.23014E+12 1466.5 72718.14500. 2366.3 0. 23022E+12 1463.4 72721.54530. 2253.4 0.23028E+12 1460.4 72724.94560. 2145.8 0.23035E+12 1457.6 72728.34590. 2043.4 0.23041E+12 1454.9 72731.74620. 1945.9 0.23047E+12 1452.3 72735.14650. 1853.0 0.23052E+12 1449.9 72738.54680. 1764.6 0.23058E+12 1447.5 72741.84710. 1680.4 0.23063E+12 1445.3 72745.24740. 1600.2 0.23067E+12 1443.2 72748.64770. 1523.8 0.23072E+12 1441.1 72752.04800. 1451.1 0.23076E+12 1440.6 72755.4
4830. 1381.8 0.23080E+12 1438.7 72758.84860. 1315.8 0.23084E+12 1437.0 72762.24890. 1253.1 0.23088E+12 1435.3 72765.64920. 1193.3 0.23092E+12 1433.7 72769.04950. 1136.3 0.23095E+12 1432.2 72772.34980. 1082.1 0.2309BE+12 1430.8 72775.7
5010. 1030.5 0.23102E+12 1429.4 72779.1
5040. 981 .3 0.23104E+12 1426.1 72782.5
5070. 934.5 0.23107E+12 1426.9 72785.9
5100. 889.9 0.23110E+12 1425.7 72789.3
5130. 847.4 0.23112E+12 1424.5 72792.7
5160. 807.0 0.23115E+12 1423.5 72796.1
5190. 768.5 0.23117E+12 1422.4 72799.5
5220. 731.8 0.23119E+12 1421.5 72802.9
5250. 696.9 0.23121E+12 1420.5 72806.3
5280. 663.6 0.23123E+12 1419.6 72809.6
5310. 631.9 0.23125E+12 1418.8 72813.0
5340. 601.8 0.23127E+12 1418.0 72816.4
5370. 573.1 0.23129E+12 1417.2 72819.8
5400. 545.7 0.23131E+12 1416.5 72823.2
5430. 519.7 0.23132E+12 1415.8 72826.6
5460. 494.9 0.23134E+12 1415.2 72830.0
5490. 471.2 0.23135E+12 1414.5 72833.4




The study of North Point Bolivar Field has led to the 
following conclusions:
1. The Frio formation is a complex faulted low dip . 
anticline structure and can he treated as three 
reservoirs.
2. The reservoir dewpoint pressure was estimated to be 
2,450 psia.
3. The aquifer, which is hydraulicly connected to
Block 1, can be treated as a finite system. The
ratio of the aquifer radius to the radius of the
reservoir is calculated to be 2.0.
4. The original gas in-place for the entire reservoir,
based on the material balance calculation, is 405.58
bscf.
5. The water production of wells FSU14 and FSU13 is 
considered to be a mechanical failure rather than 
water encroachment since they are located high on 
the field structure.
6. Considering December 1, 1983, as the initial time of 
prediction, a value of 11 bscf can be £5ro<̂ucec  ̂with­
in 3.25 years. This gives a recovery of 86% of
the initial gas in place.
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7. The average reservoir pressure at the end of the 
prediction is 2087.8 psia in Block 1, v/hile it is 
1412.3 psia in Block 2. This evidences the partial 
water drive which contributes to the energy in 
Block 1. However, the pore volume invaded by water 
in Block 1 at the end of the prediction is 3.3 *
g10 cu ft. This represents approximately 50/£ of 
the pore volume of Block 1.
S. The drive mechanism is believed to be primarily 
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THE CORRELATION OF DEWPOINT PRESSURE 
(L.K. Nemeth and H.T. Kennedy)
Nemeth and Kennedy developed a relationship between the 
dewpoint pressure of a hydrocarbon reservoir fluid and its 
composition, temperature and characteristics of the heptanes 
plus fraction. They obtained the following equation:
n Pd = A, |ZC0 ZC0o 4- ZH0S + ZCc + 2(ZCn + ZC. )It- 2 2 2 6 o 4
+ ZCS + 0.4 ZC1 + 0.2 ZW2]
+ A27C?+ + A3 \ZCX/(ZC1+ 0.002)]
+ V Tr + A 5 (ZC7+ ' IiC7-:-) + A 6 {ZC7+*M C 7+ )2 
+  A7(ZC7+ • M C 7 + )3 + A8 [MC7+/rrc7+ -I- 0.0001)]
+ A9 FmC7j_/( C?j_ + 0.0001)] 2 
+ A lo[M C 7+/( C 7+ + 0-0001)] 3
^ ^ 1 1
where:
A = -2.0623054 
A2 = 6.6259728
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A3 = -4.4670559 x 10~3 
A4 = 1.0448346 x 10~4 
A5 *= 3.2673714 x 10“2 
A. = -3.6453277 x 10"3b
A? = 7.4299951 x 10_D 
A8 = -1.1381195 x lO”1 
Ag = 6.2476497 x 10~4
Aio = -1 -0716866 x 10~6
A11 = 10-746622
Pd = dewpoint pressure, psia 
T = reservoir temperature, °R 
ZC^ = mol. fraction methane
ZC3 = mol. fraction ethane
ZC^ = mol. fraction propane
ZC^ = mol. fraction butanes
ZC^ = mol. fraction pentanes
7iZr = mol. fraction hexanes 6
ZC^+ = mol. fraction heplanes-plus 
ZN^ = mol. fraction nitrogen 





mol. fraction hydrogen sulfide 
molecular weight, heptanes-pius 




DERIVATION OF THE MATERIAL BALANCE EQUATION 
CONSIDERING THE AQUIFER AS A FINITE SYSTEM (BASS, 1982)
The material balance equation for a gas reservoir with 
water drive is written as:
G (Bg - Bg.) + _XJi_ ( + c )( _ p) + 5_61 w = GpBg
W1
4- 5.61 W p B w   . (1)
For a radial system the water influx was defined by 
Hurst and VanEverdingen as:
w = ce rq y  Q(td) A P  . (2)
5.61
If the aquifer does not occur along the total circum­
ference of a circle, which is the case of this field, then 
the 2 in Equation (2) should be replaced by the number of 
radii over which the water influx does occur. In this study 
the 2 7Twas replaced by7T-
For a finite system, the aquifer can be treated as a 
large storage tank. If this is the case, the function Q(td) 
becomes constant and equal to:
2
<2 (ra - 1 ) --  . (3)
2rg
'where: ¥
r^ = the radius of the aquifer, ft
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s= the radius of the gas reservoir, ft
Now, let's define the original gas in-place (G) 
volumetrically as:
_ r 7r h <f> U-S . )
~   ^  ' -  t or
Bgi
g
G Bct. ■'l (4)
'<1- swilif t XI
Substitute the definition of Q(td) from Equation (3) 
2and r from Equation (4) into Equation (2), we get:CT
Ce G BGi ( - ^  - 1) &P
5.61 iV = rcr0 1 ~ ' *---------
(1 - s . )wi
( 5)
If we define C = C + C_, then Equation (5) can bee w r ’
written as two pieces:
5.61 W = G Bgie 1-Swi
r r 2
w ( - 1) + C. (ra - 1) A P  . (6)
Nov; substitute the 5.61 W from Eauation (6) intoe
Equation (1) and rearrange the material balance equation 
to get the following equation:
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G(Bg - Bg.) + ^ Bgi
1 - Swi
2 -i
C ( wi 3. — -L ) + C
r a J
AP <=
Gp Bg + 5.61 Wp Bw -— (7)
If we divide Equation (7) by AP and apply the pressure 
differences method, we get the material balance equation as 
y = mx + G 
where:
(Gp Bg + 5.61 Wp Bw)_ - (Gp 3g + 5.61 Wp Bw)kJy p. - p .* 3
m = original gas in-place, scf 
(Bg)_ - (Bg),.U iv
P - PJ
C = G Bgi
1-S .V71
c (s .W  vvl
g g _
Equation (7) can be rewritten in terms of Z/P as
, Z Zi x G —r1 „




1) + Cf fa__ AP =
g
G ~ + 5.61 • W • Bw • A P P P
Where:




DERIVATION OF THE MATERIAL BALANCE EQUATION FOR 
GAS RESERVOIR WITH AN UNKNOWN SIZE OF AQUIFER SYSTEM
The material balance equation for gas reservoir with 
water drive can be written as:
+ 5.61 W = e(Bg - Bg, ) + Bgi (C S . + C^MP.-P)1  x------------- V! W I  f  1
Wl
GpBg + 5.61 WpBw
where:
G = original gas in-place scf 
Bg = gas formation volume factor, cu ft/scf 
Stî  = initial water saturation, fraction
C = water compressibility, vol/vol/psi
C„ = rock compressibility vol/vol/psijI
P^ = initial reservoir pressure, psia
P = average reservoir pressure, psia 
= cumulative water influx, bblV.e
G = cumulative gas production, scfJ?
W = cumulative water production, bbl P v f
For a radial system, the water influx can be calculated 
using the unsteady state water influx equation as:
W = B Z  Q(td) AP
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v;here:
B = water aquifer coefficient, bbl/psi
^Q(td) = dimensionless water influx function.
If we substitute W from the unsteady state definitione J
into the material balance eauation and divide the whole
equation by H C*(Bet - Bq, ) + °Cji (C S.. + C )(P i . wi 3. l
WI
p)
we get the MBE as a straight line defined as: 
y = mx + G 
where:
y = (GpBg + 5.61 WpBw)/ (Bg - Bg^)
_ Bg.
+ IXT. (CwSwi + Cf)(P. - P)WI
X = (5.61 Q(td) P)/ [(Bg - Bg±)
Bgi 1
+ (cwswi + c f )(pi - P)JWI
m
G
aquifer coefficient, bbl/psi 




THE DERIVATION OF THE EQUATION OF THE P/Z APPROACH
In a volumetric gas reservoir, the orignal pore volume 
containing gas is the same when some gas is produced; that 
is:
G Bg^ = (G - Gp) Bg --  . (1)
Bg can be defined, using the equation of state, as:
Bg - const. — ■ --  . (2)
By substituting Equation (2) in Equation (1), we get:
